The ability to monitor the electrical activity of the central nervous system and to record responses to stimulation allows for a more immediate assessment of the functional integrity of the n.ervous system during anaesthesia than do conventional techniques. These monitoring methods, however, have been slow to find acceptance in clinical practice. The reasons include the difficulty with standardization and reproducibility of results from such monitoring techniques as the electroencephalogram (EEG) and evoked potentials, along with the level of expertise necessary for accurate interpretation of the voluminous data collected. Anaesthetic agents along with variations in physiological parameters can markedly alter the recordings not to mention the influence of diathermy, other electrical devices, muscle activity and artifact. Because of these inherent difficulties, most anaesthetists still rely on optimising such physiological parameters as arterial, venous and intracranial pressures, oxygen and carbon dioxide tensions, to ensure the functional integrity of the nervous system. This brief review explores the potential areas of application of electrophysiologic monitoring in surgery and anaesthesia. 1-5
Within the cerebral cortex, pyramidal cells respond to rhythmic discharge from nuclei in the thalamus by depolarization and propagation of an impulse along their axons. The impulses cross the synapses by chemical transmission and generate post-synaptic potentials that are smaller in magnitude than the action potentials and are either excitatory (EPSP -depolarising) or inhibitory (lPSPhyperpolarising).2,6 The electroencephalogram continuously records voltage against time from a series of strategically placed scalp electrodes. The trace represents the summation of excitatory and inhibitory postsynaptic potentials from the pyramidal cells in layers 11, III and V of the outer cortex.
Successions of these excitatory and inhibitory
Anaesthesia and lllfensive Care, Vol. 16 , No. 3. August, 1988 post-synaptic potentials constitute the waves of the EEG. 6 In the resting awake state with eyes closed, the EEG reflects rhythmic discharge from thalamic nuclei (alpha rhythm). In the mentally alert, aware patient with eyes open, input from the reticular formation (beta rhythm) is superimposed upon this background discharge (Table 1 ). The position of cortical electrodes determines the area of cortex being monitored, each electrode reflecting activity from a 2.5 cm 2 area of cortex. 2 The cortical area supplied by a cerebral artery at risk, or its watershed area, may be more appropriate to monitor than an area selected for routine diagnostic EEG recordings. Bilateral recording allows symmetrical comparison to be made, an important aspect in interpretation of the EEG where focal change occurs. 7 The combination and placement of cortical electrodes is referred to as the 'montage'. Recording leads may be bipolar (with two active leads) or monopolar. A monopolar system uses either one active and one indifferent electrode or one active and a common reference electrode made up of all scalp electrodes connected to a common point. The International 10-20 system has as its reference the nasion and inion, electrodes on the left side are designated odd numbers and those on the right even. Midline electrodes have the subscript 'z'. This system allows accurate localization over designated brain areas for diagnostic purposes.
Interpretation of the EEG recording involves consideration of the frequency, voltage and symmetrical relationship of the waves as well as their general organisation and the occurrence of abnormal patterns and rhythms.
Because the EEG surface potentials are so small, considerable attention has to be paid to technical detail to facilitate signal acquisition (2-200 f.1Y compared with 1-5 mY of the ECG). This includes ensuring electrode impedance is less than 3000 ohms with provision being made for monitoring this impedance during the recording. 2 Interference and leakage from other electrical equipment, diathermy and bioelectric potentials generated by the conduction system of the heart and transmitted by volume conduction, can be diminished by appropriate filtering of the signal, cable insulation and positioning the amplifier near the patient's head. 7 The filter rejects inphase noise signals common to both the ground and recording electrode and allows amplification of the out of phase EEG signals. Muscle activity generates a bioelectric potential similar to the beta frequency and cannot be filtered. Eye, diaphragmatic and other muscle movement are best identified by (Tables 2 and 3 ). Such considerations are important when interpreting the significance of EEG change in any clinical situation.
EEG MODIFICATION
In an attempt to overcome some of the practical problems of EEG monitoring such as size of equipment, volume of collected data (up to 300 pages per hour), and need for qualified personnel to interpret the EEG, various investigators have applied computer processing to one or several channels of EEG trace: the type of analysis and its pictorial representation have defined the various methods used.
These methods use either one, a selection or all EEG channels. At one extreme, the cerebral function monitor takes one EEG channel and compresses all of the frequency and amplitude information into a single value, whereas power spectrum analysis processes all the information present in the original EEG but presents it in a modified form for ease of interpretation. to exclude frequencies outside the 2-15 Hz range, further diminishes the input contribution from the lower frequencies in this range, then determines from the waveform the mean frequency and logarithm of amplitude. The resultant display on a strip recorder is proportional to the product of the amplitude and the average EEG frequency which allows 'cerebral function' to be derived as the distance from the base of this band to a baseline. 11 Paper speeds of 6-30 cm per hour (cf 3 cm per second for standard EEG) results in considerable time compression and allows ease of trend comparison.
Methods available
The CFM has proven useful in monitoring global hypoxic cerebral insults and seizure activity but is insensitive to transient focal ischaemic episodes unless multiple leads are monitored. Interpretation is still dependent on consideration of anaesthetic depth.
Cerebral Function Analysing Monitor
(CFAM) Whereas the CFM monitored only one EEG channel and gave no definition of changes in frequency content compared to amplitude and could not exclude artefact, the CF AM, also developed by Maynard, has two input channels plotting both the amplitude and frequency distribution against time using detailed amplitude analysis and a modified zero crossing technique. 12 Allowance has also Anaesthesia and Intensive Care. Vo/. /6. No. 3. August. /988 been made to exclude artefact. Amplitude is plotted on a logarithmic scale, write-out includes the 10th, mean and 90th centile of amplitude distribution in a two-second epoch of a 20-second smoothed recording. This method of frequency analysis separates low frequencies and allows a plot of each frequency as a percentage of total activity.
Zero Crossing Technique
Developed by Klein,13 this technique simply measures the number of times the EEG recording crosses a zero line during a specified time interval. Such a measurement gives no indication of amplitude variation.
B. Power Spectrum Analysis
This process developed by Bimar involves digitising the EEG over a period of time known as the epoch (2-16 seconds). This data is then subjected to Fourier Transform analysis, a complex mathematical process which separates the EEG into sine waves of differing frequencies phases and amplitudes whose sum is the original EEG waveform. 11.2 The power spectrum is the square of the amplitude of the various frequency components.
Compressed Spectral Array (CSA)
A refinement of power spectrum analysis developed by Bickford, 14 this process through the use of a microprocessor and XY plotter smooths the plot of power versus frequency, Successive tracings, repeated every 2-4 seconds (epoch) are stacked to result in a three dimensional graphic display showing the amount of power at each of the different EEG frequencies during an epoch. Such a trace of mountains and valleys does have the disadvantage of concealing information behind the high mountains, as might occur during a transient ischaemic episode. High amplitude activity tends to obscure low amplitude activity at the same frequency. Another disadvantage is that both power and time are plotted on the vertical axis. The advantage is that all of the EEG information, although transformed, is retained but made more easily readable and focal abnormalities are easily detectable from symmetrical comparison of traces if epochs are kept short (4-8 seconds). However, with epochs oflonger duration, the ability to resolve short duration variations such as burst suppression or spikes diminishes. 11
Density-modulated Spectral Array (DSA)
Developed by Flemming and Smith,15 this method of spectral analysis does away with the expensive XY plotter necessary for the CSA and instead uses a thermal strip chart recorder. The display of each epoch is a line of varying density, largest or darkest dots indicate greatest power in the spectral analysis, grey areas are those frequencies with least contribution to the EEG. 11 Such a display allows ease of visual representation without loss of data. When compared with the CSA, there are no hidden lines, shifts in frequency spectra are observed earlier and clarity is improved by use of colour.
Spectral Edge Frequency
Described by Rampil,16 the spectral edge frequency is a statistical description of frequency spectrum in the EEG and is defined as the highest frequency component of the EEG visible in the current spectrum, or the highest frequency at which a significant amount of energy is present in the EEG, RampiF7,18 and Baker 19 have both described the use of a single EEG channel from which is computed a density spectral array and spectral edge frequency for each two-second epoch. A significant event is identified by a sudden decrease in the spectral edge frequency of > 50% persisting for ten minutes or longer or a sudden decrease in power. Both groups have reported a good correlation with EEG responses when this method of monitoring has been used during carotid endarterectomy.
C. Aperiodic Technique: Lifescan
Described by Demetrescu,2o this method detects individual EEG waveforms and plots them on a screen according to frequency, amplitude and time. Frequency is calculated by an aperiodic algorithm by measuring the time between the high and low peaks on the EEG waveform. The amplitude is represented by line segments colour-coded for standard EEG frequency bands between 0 and 30 Hz. Time appears to move back into the screen. This method preserves all the information in the EEG and presents it in a convenient, readable, reproducible form.
3. EVOKED POTENTIAL MONITORING Sensory evoked potentials are electrophysiologic responses in the nervous system to receptor stimulation. 2 , [21] [22] [23] Potentials are elicited at the receptor site and are then transmitted by the appropriate conduction pathways through relay nuclei to the appropriate cortical area. In contrast to the EEG which records random continuous electrical activity in the outer cortex (layer V) of 10-200 IlV magnitude, evoked potentials are the electrical responses of 1-5 11 V magnitude measured proximal to the site of stimulation along a nerve conduction pathway. Stimulation is repetitive, the nerve stimulated is either a pure sensory (e.g. auditory, optic) or a mixed sensorimoter (median, posterior tibial) nerve. The electrophysiologic response is recorded either peripherally (e.g. brachial plexus, spinal cord), or centrally (e.g. brain stem or cortex).
The evoked potential trace of amplitude versus time gives a series of peaks and troughs. The neural generators responsible for these positive and negative deflections in the various traces have not been conclusively identified but experimental work in humans and animals along with neurophysiologic considerations have led to some consensus as to the localization of these generators.
Summation of a series of precisely timelocked responses to repeated stimuli results in amplification of the evoked potential response and attenuation of the background EEG activity. Averaging thereafter facilitates elimination of random potentials. Potentials generated by muscle movement, e.g. swallowing or eye movement, are difficult to eliminate due to their non-random nature and comparatively large magnitude. 'Near-field' potentials are recorded in close proximity (2 cm) to their site of origin whereas 'far-field potentials' are conducted to the electrode by volume conduction from further afield. Because the amplitude of conducted signals decreases as distance travelled increases, it may be necessary to average up to 2000 repetitive signals to obtain an adequate display of a far field potential. Volume conduction is virtually instantaneous if far field potentials are of short post-stimulus latency (10-40 ms). Recorded from scalp electrodes, far-field potentials may arise in sensory receptors, peripheral or cranial nerves, nerve plexuses, spinal cord or subcortical brain structures. 8 These structures constitute the neural generators for this far field potential.
A simple classification of evoked potentials is in accordance with the pathway stimulated: 1. Somatosensory 2. Auditory, brain stem auditory 3. Visual 4. Trigeminal
Motor
Particular definitions for the responses have been documented, viz: Peaks are either positive or negative deflections, terminology has not been standardized so must be stipulated.
Latency is the time from stimulation to the specific peak. Amplitude is the voltage measurement from peak apex to succeeding trough or a designated baseline. (CCT) is the difference in latency between cortical and upper cervical spine potential peaks.
Central-somatosensory Conduction Time
Neural generators for particular pathways are postulated as in Tables 4 and 5 .
Many factors influence evoked potential waveforms. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] These Include: (20-120 ms) are susceptible to the influence of both anaesthetic agents and physiological variables but are still useful for intraoperative monitoring of both cortical and subcortical function. Central conduction time is also susceptible to the effect of anaesthetic agents and physiological variables but not to the same extent as long latency potentials (100-500 ms) which arise in the cortex and are rendered useless as a monitoring toof,8 because of the number of synapses involved in their transmission.
In general, the amplitudes of evoked potentials exhibit a variable response to the influence of pharmacological agents and physiological parameters. (Refer to Tables 6  and 7) .
CLINICAL ApPLICATIONS RELATED TO ANAESTHESIA The sensitivity of the EEG in detecting focal ischaemia is dependent upon appropriate electrode placement. Ischaemic change associated with clamping a major cerebral vessel such as the cartotid artery is best detected in the territory of the middle cerebral artery. A rapid reduction in cerebral perfusion pressure initially produces change in the arterial boundary zones. Biparietal electrode placement would suffice for detecting change in the territory of the middle cerebral artery, but a fronto-central-parietal montage would be more appropriate for detecting change in the main arterial boundary zones. 6 Bilateral leads allow comparison with contralateral homologous areas. A variety of EEG electrode placements allow areas of the brain other than the cortex to be monitored. These include sphenoidal, nasopharyngeal and nasoethmoid electrodes. 8 EEG change is detected when the regional cerebral blood flow falls below 18-20 mll 1 00 glmin (normal 50 mIll 00 glmin) or mean arterial pressure decreases below 46-50 mmHg. Absolute values for individual cases depend upon the presence and extent of cerebrovascular pathology. These changes initially comprise a reduction in amplitude of the high frequency components of the EEG (4-20 Hz) with the appearance of high voltage rythmic slow waves ( < 6 Hz) progressing to lower voltage arrythmic slow waves.
The significance of EEG change must be interpreted in the perspective of the clinical setting in which it occurs. Consideration should be given to the influence of anaesthetic agents and physiological variables such as temperature and PaC02. The risk of postoperative neurological dysfunction is most closely related to the severity of EEG change and the duration for which it occurs. 8 
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(Temperature, acid-base status blood pressure maintained within normal limits. t = Increases; + = decreases; no arrow infers substantially no change.) BAEP = brainstem auditory evoked potential; SSEP = somatosensory evoked potential.
Although the EEG becomes isoelectric at regional cerebral blood flow levels of [16] [17] [18] mll 1 00 g/min, permanent neurological dysfunction may not be seen following regional flows of [11] [12] [13] [14] mll 1 00 glmin of short duration (20 min). 6 N europa thology, especially cerebral trauma, can disturb the normal autoregulatory control mechanisms of the brain and so enhance the need for a monitor of cerebral function for operative procedures.
The EEG and somatosensory evoked potential (SSEP) monitoring have been shown to correlate well with cerebral blood flow studies,32,33 and have proven useful in indicating the need for bypass shunting and arterial pressure manipulation during carotid endarterectomy34-36 in the high risk patients who also have diffuse intracerebral disease, contralateral carotid occlusion or superimposed vertebro-basilar symptoms. Such patients benefit from not being exposed to the risks of routine shunting except when indicated. Unfortunately neither the EEG nor the evoked potential monitor reliably indicates the development of ischaemia in those patients who have sustained a recent stroke or cerebral infarction. 37 During cardiopulmonary bypass, the EEG is useful in detecting cerebral ischaemia which may be Evoked potential monitoring like the EEG is non-invasive but does have the advantage over the EEG in being more sensitive in detecting change associated with the development of postoperative neurological dysfunction. 7 Evoked potential recording is abolished at a regional cerebral blood flow of 15 mll 1 00 g/min. Ischaemic change is associated with amplitude depression and latency increase, recovery of the evoked potential significantly precedes restoration of spontaneous EEG activity. 6 When monitoring evoked potentials, the integrity of the appropriate neural pathway, associated structures and cortical function can be assessed.
Somatosensory evoked potential monitoring has found useful application in corrective surgery of the spine.17 Tests of motor function are considered more sensitive in view of the blood supply to the spinal cord. Overdistraction in association with Harrington rod instrumentation or vascular compression can result in spinal cord ischaemia. A significant event is considered to occur when the amplitude is decreased by greater than 50% and the latency increased by greater than 10% of the baseline evoked potential recording. 38 Primate studies indicate recovery must begin within five minutes and be complete within 30 minutes of deterioration of the evoked potential recording if postoperative neurological dysfunction is to be avoided. 39 Other clinical applications, including localisation of specific neural structures for epilepsy-related surgery and relief of intractable pain, have been described. They may also be useful where surgical procedures threaten blood supply to a neural' structure, (e.g. thoracic and cerebral aneurysms, A-V malformations. etc.).
Brain stem auditory evoked potentials allow an accurate assessment to be made of brain stem function because of the number of nuclei in the ascending auditory pathway in the brain stem region. These evoked potential recordings have found useful clinical application in posterior fossa surgery for resection of acoustic neuromas and for relief of trigeminal neuralgia and hemifacial spasm where cranial nerve VIII is at risk from cerebellar retraction for exposure of cranial nerves V and VII respectively. 17, 8, 40 Lack of a satisfactory stimulus mode has limited application of visual evoked potentials to neurosurgical procedures in the region of the optic chiasm (e.g. pituitary tumour).2
The reliability of these various forms of evoked potential monitoring in predicting postoperative neurological dysfunction will be determined by investigative analysis directed at ascertaining the degree and duration of evoked potential change which is significant in the various clinical settings. 17 Even complete loss of sensory evoked potential recording may be compatible with recovery of neurological function provided the trace returns to baseline. 17 CONCLUSION As intraoperative monitors, the EEG and evoked potentials satisfy requirements of providing warning of impending neurological dysfunction, thus allowing appropriate intervention, as well as predicting the development of definitive untoward results. Anaesthetists can assist in ensuring an optimal outcome by maintaining a stable physiological and pharmacological state.
